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Abstract 
    Siltation is a big hurdle in maintaining the required depth in and around port. Dredging is required in order to maintain the desired depths in 
the port. Dumping of dredged material has its own impact in the surrounding area and in turn its cost effectiveness. Studies for identification of 
dredged material dumping ground for development of a multipurpose terminal at Karanja were carried out. Four sets of dumping grounds were 
initially identified and their impact was observed at three different locations. MIKE 21HD with flexible mesh setup was used for the studies. 
Since the capital dredging would be going on for a period of six months, model simulations with MIKE 21 HD were done for a period of one 
month and then extrapolated for six months period. The impact of each dumping location for continuous dumping for a period of one month 
was assessed using the model simulations. The time required to restore the ambient conditions once the dumping is stopped was also examined.  
    
   A comparison of the suspended sediment concentration was done at some locations in the vicinity of the dumping site. A comparison on the 
suspended sediment concentration and the bed thickness change at different points for the different dumping ground were observed. It was 
found that the suspended sediment concentration will fluctuate with the tide and will attain the lowest value of 5 ppt at the dumping location. 
The change in bed thickness is expected to be very marginal with maximum being of the order of 5 cm and the time required restoring the 
ambient conditions after the dumping ceases would be about 10 to 15 days. Based on this information location of the dumping ground could be 
finalised which has the minimum impact on the relevant area and is cost effective. 
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1 INTRODUCTION 
 Open water disposal of dredged sediment is a common practice adopted by the major ports in India. Apart from careful 
assessment of the environmental impacts, the ports are interested in knowing the trajectory and spread of the material to avoid 
the return of the sediment in the navigational channels and harbour basins. If the disposal location for dredged material is not 
chosen properly for the prevailing hydrodynamic conditions and sediment characteristics, substantial volumes of disposed 
material could find their way back into the port operational areas resulting in loss of depth. Therefore, it is necessary to study the 
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sediment fate and transport mechanism (dispersion) under the action of coastal currents and waves. The investigation for locating 
suitable disposal site can be done by using mathematical models.  
 It is recognized that overspill from spillways, screening, and open-water disposal generates a far greater quantity of 
suspended material and larger plumes than bottom disturbances (Herbich and Brahme, 1991; LaSalle et al, 1991; Herbich, 2000). 
Turbidity is generally not an issue when dredging deposits of clean offshore sands with little fine-grained material. Studies also 
suggest that dredge-induced turbidity is of little concern in areas with high natural background levels of turbidity, since 
ecosystems are well-adapted to naturally high loads of suspended sediment caused by tides and wave action. The majority of 
studies and monitoring efforts of dredge-induced bed level changes and turbidity have demonstrated the localized nature of 
spreading and dissipating to ambient water quality within several hours after dredging is completed (Schubel et al, 1978; LaSalle 
et al, 1991; Pennekamp and Quaak, 1990). 
 Mathematical models use numerical computational methods based on field data, calibration and validation for realistic 
assessment of the physical process and fate of the sediments. In the present study a numerical simulation of the sediment 
dispersion was carried out using MIKE-21 software for reproduction of the bed load movement of the dredged material near 
Karanja creek. MIKE-21 software module namely HD (Hydrodynamic) and MT (Mud Transport) were used in the present study. 
A modified technique of “switching off” ambient sediment process in the modelling was used to capture the trajectory and spread 
of the sediment deposit from dumped dredged material. 
2 METHODOLOGY 
The mixing and transport of sediments (suspended load  and bed load) are a function of water properties that include depth, 
temperature, viscosity, stratification, and salinity; sediment properties include background levels of suspended solids, material 
composition, density, size, particle size distribution (individual grains or flocks), and solids concentration of the slurry. 
Hydrodynamic forces include currents, waves, turbulence, all of which cause horizontal and vertical mixing; and other influences 
include buoyancy (entrapped air or gas), initial momentum on entering the water body from hopper bottom, etc. The behaviour of 
sediment mixture released from dredger hopper bottom is separated into three phases – convective descent, dynamic collapse and 
passive transport-dispersion (Johnson et al, 1978). In convective descent the cloud falls under the influence of gravity. Dynamic 
collapse occurs when either the descending cloud (with entrainment of ambient fluid) hits the bottom or encounters the point of 
neutral buoyancy, where descent is retarded or the horizontal spreading dominates. Passive transport-dispersion commences with 
sediment transport dominated by ambient currents and turbulence. A part of the sediments will also settle on the bed and may be 
transported in due course. 
In the MT model the sediment bed is defined as one or more bed layers with further inputs on sediment mass contained in the 
layer, the dry density and erosion properties.  The active bed layer in time and space is defined as the first layer taken from the 
top (Figure 1). Erosion is expected from the active layer. Similarly deposition of sediments will always be in the uppermost 
layer. The dumping of the sediments from dredger Hopper is simulated as a point source in the MT model. In the present study, 
the initial model simulation was carried out defining the bed layers and transport for the entire model domain including the point 
source for the release of dredged material at the designated site. With this approach it was not possible to uniquely identify the 
deposition, erosion and transport of the disposed dredged material due to influence and interference of ambient sediment 
processes. Therefore, the model was tricked with modified data for ambient conditions to “switch off” the bed layers and 
associated processes in the model domain, other than near the dumping point. Thus the simulation was directed exclusively for 
the point source. This technique with proper tuning was ultimately found to be very successful in the assessment of the 
dispersion from the dumping site. 
 
Fig. 1: Processes included in MT model (Source: DHI) 
3 HD and MT Models for Karanja Creek, Navi Mumbai 
 The Ebb Dumping Ground location for dumping the dredged material near Karanja creek is shown in the fig. 2. 
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3.1. HD MODEL STUDIES 
 The Numerical model for studying the Hydrodynamics and the dispersion and sediment transport was setup using 2-
dimensional model MIKE21 HD and MT based on flexible mesh finite volume method. The hydrodynamics of the area of 
interest are predominantly tidal driven. Waves are not considered in the model setup because they are not expected to have any 
significant impact on the hydrodynamics during the disposal events which are expected to take place in the non-monsoon season.  
3.2. BATHYMETRY 
 The bathymetry for the model was generated by digitizing the Indian Naval hydrographic chart No 211. The bathymetry for 
the model is shown in Figure 3. The depths shown in the model are with respect to MSL at Apollo Bandar. 
 
   
Figure 2: Index plan showing dumping location                                     Figure 3: Bathymetry and computational mesh 
 Bathymetry for the inner stretches of the Dharamtar creek were generated by digitizing the naval hydrographic chart no. 2016 
and the MMB charts. The bathymetry for the model is limited within the scope of interest. The northward limit of the bathymetry 
is extended up to Arnala and southward up to Rajapuri. The triangulation pattern of mesh is kept as dense to course from near 
shore to deep sea. The detailed pattern of mesh and bathymetry along with the boundaries are shown in figure 3. The model 
domain is taken sufficiently large to simulate the suspended sediment plume from the disposal sites does not cross the model 
boundaries. 
3.3. Boundary Conditions:  
 The offshore boundary and two lateral boundaries North and South are shown in the figure 3 respectively.  Depths used for 
the simulation are with respect to MSL which is 2.51m with respect to Chart datum at Apollo Bandar. South and north boundary 
is specified as water level for the hydrodynamic forcing. Tidal elevations in terms of line series is applied to both north and south 
boundaries accordingly with appropriate phase lags and elevation difference. The tides used at north and south boundary of the 
model are shown in figure 4. 
 
 
Figure 4: Tide used at North and South boundary 
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3.4. Model Calibration  
 Model calibration is crucial part in mathematical modeling and generally calibrated with dynamic parameters like current 
speed, current direction and water levels. Here, the model is calibrated with the data available from past records in the form of 
water levels, current speed and direction in the offshore region. 
 
 The Large scale model was calibrated using the Tide tables published by MMB for the various locations like Apolo Bunder, 
Bandra and Alibaug. The plot showing time series comparison between observed values of tide taken from the tide tables 
published by MMB and the model computed values is given in figure 5.  
 
Fig 5: Calibration of model for Alibaug tide 
 Attempts were also made to calibrate the model for tidal currents. The location of currentmeter observations used for 
calibration is shown in Figure 6.  The comparison of observed and model computed values for the tidal currents is given Fig. 7. 
                       
 
Figure 6: Location of C-1and C-2                                     Figure 7: Calibration for current speed at C-1 and C-2 
4  HYDRODYNAMIC MODEL SIMULATIONS:  
 The model simulations were carried out for the existing conditions of bathymetry. In order to obtain clearly resolved flow 
pattern, fine mesh was taken in the areas close to the coastline. The flow field plots for the flood and ebb conditions in the 
vicinity of dumping grounds are shown in figure 8.  The peak flood and ebb flows are significant in region and generally the flow 
in the proposed dumping area is influenced more by the flow from the side of Karanja and Dharamtar creeks.  Maximum tide 
induced currents at the dumping site, under the prevailing conditions, are noticed to be of the order of 0.85 m/sec.    
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Figure 8: Flow field during strength of flood and strength of ebb 
5  MUD TRANSPORT MODEL SIMULATIONS 
 The bed load transport and suspended load transport can be modeled using computer based numerical modeling techniques, 
generically called as mathematical models. Separate models are used for cohesive and non-cohesive sediments. The 
comprehensive modeling suite MIKE21, developed by Danish Hydraulic Institute, has been used in the present study. MIKE21 is 
a depth integrated two dimensional mathematical model and the transport of fine grained sediments (< 63 μm) is included in the 
mud transport (MT) module linked to the hydrodynamic (HD) and the advection-dispersion (AD) modules. The MT model uses 
the transport equation for mud described by Teisson, 1991. The erosion of deposited material is handled separately as hard bed 
(Partheniades, 1965) and soft bed (Parchure and Mehta, 1985). It is possible to activate sand transport in MT module in case a 
certain fraction of the bed material is in the fine sand fraction between 63 and 125 μm that may be transported both as suspended 
load or bed load. 
 The material is assumed to be clayey silt. The sediment particle densities range from 2.6 to 2.7 gm/cm3. In situ bulk densities 
range from 1.4 to 1.7 gm/cm3 or more. Hydraulic dredging tends to destroy the in-situ properties of the material and mixes the 
sediments with water, the addition of which lowers the bulk density of the water-sediment mixture (compared to its in-situ 
value). In lieu of site-specific information, the voids ratio of both dredged material particles and bulk material is commonly 
assumed to be 0.8. Clay and silt particles are usually cohesive, and thus their particle fall velocities are usually a function of 
sediment concentration and flocculation conditions. Commonly, fall velocities for dilute clay-silt mixtures are dependent on the 
concentration raised to a power, usually 4/3. If the particles are bound together in clumps or flocks, then the fall velocity of the 
clump is calculable as a non-cohesive particle. The fall velocity of the sediments under flocculated condition in the region is 
obtained as 3.5 mm/s and the d50 for the sediments in suspension as 0.05 mm. 
 
                                                                          Figure 9: Locations for Ebb Dumping Ground 
 The model simulations were carried out for the four alternate locations of Ebb Dumping Grounds shown in figure 9. The four 
locations are designated as DG-A, DG-B, DG-C and DG-D as given in Table 1.  
Table 1: Ebb Dumping Ground Coordinates 
 
Sr. No. Dumping Location 
Lat. – Long. UTM 
Lat. Long. X Y 
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1 DG-A 180 45.50' 720 48.6'       269127.14 2075507.35 
2 DG-B 180 46.20'        720 47.5'       267209.68 2076822.85 
3 DG-C 180 48.40'        720 48.6'       269202.13 2081596.38 
4 DG-D 180 46.70'        720 49.5'       270736.13 2077702.13 
   
 The total capital dredging proposed as part of proposed berth development near Karanja creek is around 2.5 million m3.  The 
rate of dredging per dredger is assumed to be 4000 m3/day. The total dredged quantity is likely to be 16000 m3/day using four 
number of dredgers. The duration of the full dredging operation is assumed to be approximately 6 months. It is also assumed that 
the dredged material will be taken in barges of 750 m3 capacity in hoppers (with a draft of around 3.5 m to 4 m) to the designated 
dumping location. The density of the material in the barge is taken as 1906 kg/m3 and the operation of dumping the material at 
the dumping ground is assumed to occur in 5 minutes. The time of disposal of dredged material was taken to be at the high water 
slack as a series of slug injection (source) from a fleet of ten barges per tidal cycle. A time series of the slug injection for each 
tide is constructed to simulate the same in the model. The suspended sediment concentrations and the bed level changes have 
been monitored from the simulations. Since the model computations take a long time to simulate the entire 6 month period, a 
simulation sequence of one month is done and the results extrapolated for the entire period of dumping. The results from the MT 
model for the four location of dumping are described below: 
5.1 Ebb Dumping Site Location DG-A 
 The coordinates of the dumping location DG-A are given in Table 1. The two-dimensional depth averaged values of 
suspended sediments have been plotted and shown in figure 10. The net spread of the fine material in suspension is seen to be 
towards the south. The sediment material is seen to reach up to the Revdanda. The plots indicate the net effect after 30 days of 
dumping. In a tidal cycle the suspended sediments are seen to vary from peak value of about 140 ppt to 5 ppt.  Substantial 
dilution is observed during the flood phase of tide. 
    
Figure 10: Suspended sediment concentration for DG-A (start), after 15 days and 30 days 
 
 It is observed that the material deposited on bed is removed during the flood phase of the tide with the net deposit being 
almost zero. The progressive dilution in the suspended sediment concentrations and reduction in the bed thickness change are 
observed. It is seen that the peak values for long term dumping may go up to 200 ppt in a day and immediately reduced to about 
5 ppt in the next six hours. The maximum bed thickness change could be of the order of 0.002 m. After the dumping is stopped 
the ambient conditions are seen to be restored completely within 10 to 15 days and no residual impact is indicated. 
5.2 Ebb Dumping Site Location DG-B 
 The two-dimensional depth averaged values of suspended sediments have been plotted and shown in figure 11. The net 
spread of the fine material in suspension is seen to be towards the south and west with relatively less magnitude. The impact at 
Revadanda also is less. The plots indicate the net effect after 30 days of dumping. Substantial dilution is observed during the 
flood phase of tide. 
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Figure 11: Suspended sediment concentration for DG-B (Start), after 15 days and 30 days 
 It is observed that the material deposited on bed is removed during the flood phase of the tide with the net deposit being 
almost zero. The progressive dilution in the suspended sediment concentrations and reduction in the bed thickness change are 
observed. It is seen that the peak values for long term dumping may go up to 140 ppt in a day and immediately reduced to about 
10 ppt in the next six hours. The maximum bed thickness change could be of the order of 0.0017 m. After the dumping is stopped 
the ambient conditions are seen to be restored completely within 10 days and no residual impact is indicated. Thus the Ebb 
Dumping Ground Location DG-B appears to be better than DG-A. 
 
5.3 Ebb Dumping Site Location DG-C 
 The two-dimensional depth averaged values of suspended sediments have been plotted and shown in figure 12. The net 
spread of the fine material in suspension is seen to be not only towards the south and west but also inside the Creeks of Mumbai 
and Karanja. The impact at Revadanda and Karanja is observed. The plots indicate the net effect after 30 days of dumping. In a 
tidal cycle the suspended sediments are seen to vary from peak value of about 140 ppt to 10 ppt.  The daily variation with the ebb 
and flood tide is seen since dumping is only done in ebb tide. 
   
Figure 12: Suspended sediment concentration for DG-C (Start), after 15 days and 30 days 
 It is observed that the material deposited on bed is removed during the flood phase of the tide with the net deposit being 
almost zero. The plot shows the simulation where the dumping is done for one month and then stopped, say, at the beginning of 
July. The progressive dilution in the suspended sediment concentrations and reduction in the bed thickness change are observed. 
It is seen that the daily peak values for long term dumping may go up to 160 ppt and immediately reduce to about 10 ppt in the 
next six hours. The maximum bed thickness change could be of the order of 0.0016 m. After the dumping is stopped the ambient 
conditions are seen to be restored completely within 10 to 15 days and no residual impact is indicated at the dumping site. 
5.4 Ebb Dumping Site Location DG-D 
 The two-dimensional depth averaged values of suspended sediments have been plotted and shown in figure 13. The net 
spread of the fine material in suspension is seen to be not only towards the south and west but also inside Karanja and Dharamtar. 
The impact extending up to Revadanda and Karanja is observed. The plots indicate the net effect after 30 days of dumping. In a 
tidal cycle the suspended sediments are seen to vary from peak value of about 190 ppt to 10 ppt.  The daily variation with the ebb 
and flood tide is seen since dumping is only done in ebb tide. 
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Figure 13: Suspended sediment concentration for DG-D (start), after 15 Days and 30 Days 
 It is observed that the material deposited on bed is removed during the flood phase of the tide with the net deposit being 
almost zero. The progressive dilution in the suspended sediment concentrations and reduction in the bed thickness change are 
observed. It is seen that the daily peak values for long term dumping may go up to 240 ppt and immediately reduce to about 10 
ppt in the next six hours. The maximum bed thickness change could be of the order of 0.0012 m. After the dumping is stopped 
the ambient conditions are seen to be restored completely within 10 to 15 days and no residual impact is indicated at the dumping 
site. 
6  DISCUSSION OF RESULTS: 
 The impact of each dumping location for continuous dumping for a period of one month was assessed using the model 
simulations. The time required to restore to the ambient conditions once the dumping is stopped was also examined. The impact 
of dumping at the Ebb dumping Grounds for the area near Revdanda was also examined. The index plan for the points chosen 
near Revdanda is at figure 14.  
 The impact at Revdanda is seen to differ from that observed in the vicinity of the Ebb Dumping ground locations. It is seen 
that the dumping location DG-C has least impact at Revdanda. The peak SS concentrations may reach up to 15 ppt and the 
maximum bed thickness change is almost negligible in the Outer region. It is however seen that there could be net bed thickness 
change of the order of 0.05 m inside the creek. 
       
Figure 14: Index plan for points near Revdanda     
 It is to be noted that the general variation of the above two parameters i.e. SS and BT change will fluctuate in the range of 
200 ppt to 5 ppt with the tidal cycle with peak values during ebb tide and lowest being during the flood tide. This is mainly due 
to dumping being carried out only during ebb tide especially at high water slack. The peak currents in the vicinity of the 
proposed ebb dumping grounds vary from 0.2 m/s to 0.8 m/s including in the offshore. The currents however will fluctuate with 
the range of tide. The ambient concentration in the vicinity of the dumping grounds is reported to be of the order of 40 ppm. The 
simulations have shown that the ambient conditions can be attained in a period of 10 to 15 days once the dumping is stopped. 
The simulations for one month indicate the daily fluctuations. In the long term effect the dumping for six months is expected to 
show similar trend. The bed thickness change is also expected to be very marginal. From all considerations it is seen that the Ebb 
Dumping location DG-B will be most suitable for dumping the material from the Karanja Terminal.  
6.1 Conclusions: 
 The following conclusions can be drawn from the study: 
x The hydrodynamics simulations indicate that the peak tidal currents  in the vicinity of the Ebb Dumping Ground are in the 
range of 0.2 m/s to 0.8 m/s which may help in the dispersion of the dredged material which comprise of clay and very fine 
silt 
x The dumping is to be carried out at ebb phase of tide especially within about 1 hour after the High Water Slack. 
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x The Suspended sediment concentrations will fluctuate with the tide and will attain lowest value of 5 ppt at the dumping 
location. 
x The bed thickness change is expected to be very marginal with maximum being of the order of 5 cm (0.05 m). 
x The time required to restore the ambient conditions after the dumping ceases would be about 10 to 15 days. 
x Out of the four locations considered in the present study the Ebb Dumping location DG-B (Lat. 180 46.20' and Long.720 
47.5') is more suitable compared to other dumping locations. 
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